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ABSTRACT 


A stratospheric ozone absorption line in the lQJ.m band has been 

measured and resolved completely, using an infrared heterodyne spectrometer 
with a spectral resolution of 5 MHz (0.00016? cm ). The vertical 
concentration profile of stratospheric ozone is obtained through an 
analytical inversion of the measured spectral line profile. The 
absolute total column density was 0.34 cm- atm with a peak mixing 
ratio occirrring at ~ 24 km. ’ The (?jlj6) - (7,1, ?) 0^ line center 
frequency was found to be 1043.1775 + 0.00033 cm or 430 + 10 MHz 
higher than the P(24) CO2 laser line frequency. 



STRA.TOSHHSIC OZOME MEASUEEMEMT WITH AW 
IWTRAEtED HETERODYNE SPECTROMETER 

This research- note reports measurements of a stratospheric ozone 

concentration profile throtigh detection of infrared absorption lines 

with a heterodyne spectrometer. These measurements were made on 

April 7j 1977 by observing the sun in the 9.4um band with a spectral 

■"1 

resolution of 5 MHz (0.000167 cm ). This resolution ^ the highest 
employed so far for detection of stratospheric lines, is adeq.ua te 
to resolve the absorption lines completely, allowing an inversion of the 

lines for evaluation of vertical concentration profiles. Similar 
retrievals based on heterodyne measurements with lower spectral 

resolution [500 MHz or O.OI67 cm and 30 MHz or 0.001 cm" ] have been 
reported previously (Menzies and Seals, 1977; Peyton et al. 1977). 

Diode laser heterodyne spectra of atmospheric 0^ at a resolution of 70 NHz 
have also been reported (Frerking and Muehlner, 1977) and altitude profiles 
have been derived (Abbas et al. 1977) • 

The heterodyne spectrometer employed in the present measurements 
is based on a line-by-line tunable CO^ laser, a liq.uid nitrogen cooled 




1 



HgCdTe photoiaixer, and a 64- channel spectral line receiver, located 
at the Coude focus of the 48" telescope at the Goddard Space Flight 
Center optical site (lat. = 39° 0,3 ’U, long. = 76*^ 52 .6’ W). Two 
sets of electronic filter hanks provided high resolution coverage 
(5 MHz or 0.000167 cnr^)and low resolution coverage (50 MHz or 
0.00167 eDf^) with a total bandwidth of 1 GHz (0,03 cm“^). The 
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field of view of a heterodjme receiver is diffraction limited (AQ ^ \ ) 
and was 4 arc- sec. The use of a CO^ laser as a local oscillator 
limits atmospheric measurements to those lines which lie within the 
electrical bandwidth (+1.5 GHz) of the photomixer, A more detailed 
description of the instrument, of its advantages, and of its limitations 
has been given elsewhere (Abbas, et al. 1976, 1977j Mxmma, et al, 

1977). 

In heterodyne detection, the infrared radiation from the source 
at frequency v is mixed with radiation from the local oscillator (LO) ^ 
at frequency v^j and the difference frequency signal in a bandwidth B 
both below and above the ID frequency is detected. This is referred 
to as double- si deband detection (DSB) in this paper. The-DSE signal 
at frequency fiv = jv - v^| corresponds to 

=1^(Vq + 6v) + ■ 6v) 1) 

where is the source infrared radiance. The intensity in a 
single sideband may be retrieved by subtracting the corresponding ~ ' 
mirror- sideband contribution. This may be done trivially if the mirror-side- 
band^ has no absorption lines and the continuum has the same level in both 
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sidelaands. Inversion of observed spectral lines may then be carried 
out in the usual way (Abbas, et al. 1977)* 

On the other hand, if the mirror- sideband contains some additional 
lines of the absorbing gas, sideband- stripping requires detailed modelling 
of the monochromatic synthetic spectrum. It is sometimes more convenient 

to analyze the double-sideband spectrum directly. For solar observations, 

DSB 

a double- sideband transmittance (t ) may be defined by dividing 

Eq. (1) by 2 I^, where is the continuum intensity above the atmosphere. 

=2 (v^ + 6v) (v - 6v)] 2) 


A synthetic plot of the earth's monochromatic absorption spectrum 
for a model atmosphere (Selby and McClatchey, 1975) in the frequency 
range 1043.113 cnT^ to 1043.213 cm”^ is shown in Fig. 1. Atmospheric 
CO2 and 0^ absorption lines are identified on the plot. The moderately 
strong line (arrow) which lines within 1 GHz of the P(24) COg line 
is the ozone line with upper and lower state quantimi numbers (j*,K^,K^; 
tr",K^,K^) identified as (7,1,6; TjljT) with line strength S = 0,CS6 
cm ^ (cm- atm) 

The stratospheric ozone measurements reported here were made in 
the solar absorption mode on April 7, 1977 near noon (zenith angle 
34°) with the COg laser timed to the P(24) line in the 9.4pm band 
(Vq = 1043.1632 cm”^). The integration time was. 

rJi2. minutes. Plots of the observed double- sideband spectrum measured, 
with high and low resolution filter banks are shown in Fig. 2. The 
EF mixing frequency was chosen such that the observed 0^ line was 
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centered on the high resolution filter bstnk, .The low resolution plot 
shows the same 0^ line and its mirror image, along with the atmospheric 
COg line. 

The atmospheric 0^ line is found to he at 430 + 10 MHz from the COg line 
(with Vq = 1043.1632 cm , providing an accurate line center position 
for the 0^ line as = 1043.1775 ^ .00033 cm"^. This compares with 
the values = 1043. 188O cm ^ (APCRL molecular line parameter 

atlas, McClatchey et al.,1973),v^ = 1043.1761 cm~^ (Barbe et al., 

1977) ' and y = 104-3.1830 cm"^ (Menzies, 1976). 

Since the atmospheric transmittance was not directly calibrated, 

an absolute transmittance scale was determined .by normalizing to the> 

DSB —1 

value of T at V = 1043.16833 cm (250 MHz away from the COg 
line center) computed for a mid- latitude winter model 
atmosphere (Selby and McClatchey, 1975) • Total vertical water vapor 
content assvimed in the model was 62$ cm-atm (precipi table water = 0.50 cm), 
which corresponds to the observed radiosonde data reported by the National 
Weather Service for the time of observations. 

The observed spectrum of Fig. 2 bears little resonblance to the 
synthetic spectrum of Fig. 1 for the model atmosphere, because the observed 
spectrum contains contributions from the mirror- sideband. The synthetic 
spectrum shows that the mirror sideband contains weak 0^ absorption lines 
and the continuum levels of the two sidebands are uneg.ua! . in view of 
the discussion following Eg. (l) , it was more convenient to analyze the 
observed double- sideband spectrum directly. 



The observed 0^ line (Fig. 2) was inverted using the radiative 
transfer methods discussed elsewhere (Abbas, et al. 1977)- Suitable 
weighting functions based on this line alone cover a range of altitudes 
from ~ 10-30 Ism (Fig. 7 of Ref. 4) . The retrieved 0^ mixing ratio profile 
is shown in Fig, 3- The retrieved profile has been extrapolated and is 
shown as a dashed line below 10 km and above 30 km. The nominal 

(mid-latitude winter model,' Selby arid'McClatchey, 1972) mixing ratio 
profile of 0^ is also shown for comparison. The observed and synthetic 
double- sideband spectra are shown in Fig. 4, indicating good agreement 
between the computed and the observed values. 

The retrieved ozone profile corresponds to a total vertical 0^ 
content of 0.34 cm-atm, which compares with the nominal value of 0.398 
cm-atm for the mid- latitude winter model atmosphere. The retrieved 
profile (altitude range 10-30 km) indicates a maximum for the volume 
mixing ratio at 24 km as against 30-35 ksi for the model 
profile. Since the maximum vertical ozone content is believed to occur 
between the winter and spring months (Bauer, 1975) 5 the meastired value 
is consistent with this trend. 

The measurements reported here are of a preliminary nature. More 
comprehensive measvirements , involving a nvimber of absorption lines 
of ozone, and a study of its diurnal variation are planned in the 
near futxare. Such completely resolved stratospheric lines can be inverted 
to provide accurate concentration profiles of stratospheric gases and 
trace constituents. The general application of such measurements to 
other molecules is presently limited by lack of availability of 


5 



continuously tunable local oscillators, and the accuracy is limited 
by the quality of molecular line parameters. These limitations are 
-being steadily removed, .and infrared .heterodsnie measurements are 
expected to play an important ' role in stratospheric research. 

ACKNOWIEDGEMENT 

✓ 

Assistance of Mi*. Gary Burgess in carrying out the numerical 
computations and contributions of Mr*s J. Faris, J. Guthrie, C. Lowe 
and Drs. J. Hillman and L. Jennings are gratefvilly acknowledged. 



6 



REFEEIENCES 


Abbas, M.M. , M.J. Mumma, T. Kostiuk and D. Buhl, Applied Optics, 15 , 

k27-k3S, 1976. 

Abbas, M.M. , V.G. Ktinde, M.J. Mumma, T. Kostiuk, D. Buhl and M.A. 

Frerking, 1977 , submitted for publication. 

Barbe, A,, C, Secroun, P. Jouve, N. Monnanteuil, J.C. Depannemaeker , 
B. Duterage, J. Bellet, and P. Pinson, J. Molecular Speetr. 

3i^3-361t, 1977. 

Bauer, E. , in The natural Stratosphere of 1974, CIAP Monograph 1, 

DOT-TST- 75 - 51 , ( 1975 ). 

Frerking, M.A. and D.J. Muehlner, Applied Optics, 3^, 526 - 528 , 1977« 
McClatchey, R.A. , W.S. Benedict, S.A. Clough, D.E. Burch, R.F. Calfee 
K. Fox, l.S. Rothman, and J.S. Garing, AFCRL-TR- 73-0096, 1973 
Menzies, R.T. , Applied Optics, 15, 2597-2599, 1976. 

Menzies, R.T. , R.K. Seals, Jr., Preprint, 1977. 

Mumma, M.J,, T. Kostiuk, and D. Buhl, Optical Engineering 3^, 1977. 
Peyton, B.J., J. Hoell, R.A. Lange, R.K. Seals, Jr., M.G. Savage, and 
F. Allario, Preprint, 1977. 

Selby, J.E.A. , R.M. McClatchey, Tech. Rept. AFCKL-82-0745 Environ. 
Res. Pap. Ko, 427 J 1972. 



List of Figures 


Fig. 1 
Fig, 2 
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Synthetic absorption spectrum of the earth's atmosphere in the 

frecLuency range 1043.113 cm“^ to 1043.213 cm*'^. The arrow denotes 
the ( 7 ,l, 6 )-( 73 l>T) 0 ^ line discussed in the text. 

Observed double- sideband spectra of 0^ a.nd COg lines in the 

solar absorption mode: 

(a) High resolution plot of 0^ line (v^ = 1043.1775) on the left, 

(b) Low resolution plot of the 0^ line and the overlapped COg 
P(24) line on the right. The freq.uency difference (Av) 
is referred to the center of the observed 0 ^ line instead 
of the local oscillator, for convenience. Note that the 
double- sideband spectrum is symmetric about the LO 
frequency which results from a mixing of the IF signal 
with an RF oscillator and detection of the two sidebands. 

Retrieved 0^ profile obtained from an inversion of the observed 
absorption line of Fig. 1. The modelled mixing ratio profile 
is shown with a dashed line. 

Synthetic double- sideband spectrum computed from the retrieved 
0^ profile of Pig. 3* The observed spectrum is also shown. 

The frequency scale displayed on the top is the IF frequency 
( 6 v). The transmittance at each 6 v contains contributions 
from both sidebands of the monochromatic spectrum (i.e. 

+ 6 v and - 6 v (see text). The scale displayed at the 
bottom indicates the frequencies of the monochromatic spectrum 
which contribube to the flux measured at 6 v. 
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